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A METHOD OF PERFORMING A CORONARY ARTERY BYPASS 
OPERATION ON A PATIENT'S BEATING HEART 

Field of the Invention 

The present invention relates to a method of performing a coronary artery bypass 
operation on a patient's beating heart. More specificaUy, the present invention relates to 
the performance of such an operation involving application of a extra-aortic 
counterpulsation pressure to the patient's arterial circulation. 

Background of the Invention 

Off-pump coronary artery bypass surgery is a surgery technique in which the 
coronary artery bypass surgery is performed on the beating heart and avoids the need for a 
heart-lung bypass machine. This technique has evolved rapidly since 1998 and now 
accounts for 20% of all coronary artery bypass operations m the U.S.A. (Mack MT, 
Coronary Surgery: off-pump and port access. Surg Clin North Am 2000 Oct; 80(5): 1575- 
91). Off-pump coronary bypass surgery has significant advantages over using a heaxt- 
lung machine, particularly by avoiding contact between blood and foreign surfiices of tiie 
tubing and oxygenator used in the bypass circuit 

A heart-lung machine typically also induces a massive inflammatory response, wilh 
subsequent fluid shifts, and in combinstion with a lar^ amount of heparin required to 
avoid dotting, causes higher blood losses and then increased need for blood product 
transfiisions (Macata BM, et d. OflP-pump bypass graft operation significantly reduces 
oxidative stress and inflammation. Ann Thorac Sure 2000; 69(3):785-91). Also clearly 
evident, is dramatically lower cerebral emboli counts in off-pump coronary artery bypass 
patients (Diegeler A et al Neuromonitoring and neurocognitive outcome in off-pump 
versus conventional coronary bypass surgery. Ann Thorac Sure 2000;69(4):1162-6; 
Watters MP et al. Reduced cerebral embolic signals in beating heart coronary surgery 
detected by transcranial Dealer ultrasound. Ann Thorac Sm-g 2000;70(2):466-72; 
Bowles BJ et al. Coronary artery bypass performed without the use of cardiopulmonary 
bypass is associated with reduced cerebral mioroemboli and improvided clinical results. 
Chest 2001 Jan;119a):l). 

Off-pump coronary artery bypass procedure cannot be used in a cohort of patients 
with poor coronary performance, particularly in patients with unstable angina, severe left 
main coronary artery disease or triple vessel disease, post-infect angina, ischaemic 
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dysrhythmias, poor left ventricular function or cardiomyopathy. It would be desirable to 
be able to use such proceedures in these patients. 

latra-aortic balloon (lAB) counterpulsation has very recently been used for 
providing cardiac siq>port during o£f-pump coronary artery bypass surgery. It is known, 
for example, that the effects of such intra-aorta balloon counterpulsation is particularly 
good for reducing left ventricular afterload, increasing diastolic coronary artery blood 
flow, and improving cardiac output (BCatz ES, et al. Observations of coronary flow 
augmentation and balloon function during intra-aortic balloon counterpulsation using 
transoesophageal echocardiography. Am J Cardio 1992;69(19):1635-9). The lAB is 
inserted via a puncture in the femoral artery and the balloon is positioned in the 
descending thoracic aorta. The balloon is inflated during diastole (the period tbe heart is 
re-filling) to cause "diastolic blood pressure augmentation", which results in a higher 
mean blood pressure and is particularly important for maintaining adequate perfusion of 
important tissues highly dependent on oxygen, such as the brain and left ventricle. The 
diastolic augmentation also causes increased forward displacement of blood (cardiac 
output), particularly noticeable in the coronary arteries, which supply blood to the heart. 
The blood flow to the heart muscle can be mcreased by 50-100%, helping to flush away 
the products of ischemic catabolism, and unprove muscle function. Furthermore, the 
balloon is deflated just as the heart is about to eject blood again, having the effect of 
reducing the "load" against vdiich the heart must eject. This "unloading" effect also helps 
to (a) reduce the work of the left ventricle and (b) improve the cardiac output 

Ihtra-aortic balloon counterpulsation has been successfiilly used to sitpport high-risk 
angioplasty patients and to enhance cardiac performance and reduce peri-qperative risk in 
the context of high-risk heart surgery (Aguiire FV et d. Intra-aortic balloon punq) support 
during high-risk coronary angioplasty. Caidioloev 1994;84(3):175-86; Christenson JT et 
al). The effect of preoperative intra-aortic balloon pun^ support in patients witii coronary 
artery disease, poor left-ventricular fimction (LVEF<40%), and hypertensive LV 
hypertrophy. J Thorao Cardiovasc Surg 1997;45(2):60-4). Recentiy, lAB 
counterpulsation support of cardiac function as a perioperative strategy fiw oflf-pump 
coronary artery bypass surgery has been demonstrated to be of signifi.cant benefit in hi^- 
risk patients (BCim KB et al. Intra-aortic balloon pump fhei^y fiicilitates posterior vessel 
off-pump coronary artery bypass grafting in high-risk patients. Ann Thor ac Surg 
2001 ;71(6): 1964-8; Qraver JM et al Elective intra-aortic balloon counterpulsation for 
high-risk off-pun^) coronary artery bypass operations. Ann Thorac Surg 
2001;71(4):1220-3). 
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There are, however, risks related to Ihe use of lABs, paiticulariy associated to the 
intra-luminal blood-contacting nature of the device. For exanqple, a high risk of leg 
coniplications exist, as a relatively large tube and balloon must be inserted into the lumen 
of the groin (femoral) artery, typically less than 1 cm in diameter. Blood components, 
particularly platelets, are damaged by the action of the lAB. Female sex, smaller body 
mass and presence of peripheral vascular disease significantly increase the risk of 
complications (Lazar HL et al. Reduction of myocardial necrosis by positioning the intra- 
aortic balloon pump in the ascending aorta. Cardiovascular Surgery 1994;2(5):634-8). 

Furthermore, introduction of the balloon can cause dislodgement of material fix)m 
the lining of the aorta, or the balloon tip can perforate the aorta. The balloon can be 
misplaced, as its positionmg is typically done without x-ray imaging. Paraplegia is a 
reported complication. The balloon can rupture and fill with blood, making its removal 
very difficult and fraught with complication. Groin hematomas can complicate removal 
of the device. (Cohen M et al. Sex and other predictors of intra-aortic balloon 
counterpulsation-related complications: prospective study of 1119 consecutive patients. 
Am Heart J 2000;139(2):282-7; Saito T et al. Tbs calcified ascending aorta - preoperative 
evaluation and intraoperative management. Nippon Kvobu Geka 1992;40:118; Roma V et 
al. Atherosclerosis of the ascending aorta is an independent predictor of long-term 
neurologic events and mortaUty. J Am CoU Cardiol 1999;33:1308-16). 

It is an object of the present invention to provide a new and inqjroved method of 
performing off-pump coronary artery bypass surgery. 

Summary of the invention 

Accordingly, in a first aspect, the present invention provides a method for the 
conduct of a beating heart coronary artery bypass operation on a patient, the method 
including application of extra-aortic counterpulsation to the aorta of the patient for at least 
apart of the duration of the operation. 

In a second aspect, the present invention provides a method of performing a 
coronary artery bypass operation on a patient's beating heart, said method comprising: 

(a) preparing the patient for the operatiot^ 

(b) obtaining thoracic access; 

(c) harvesting at least one appropriate conduit for grafting; 
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(d) wrapping an extra-aortic counterpulsation means witii a connector tubing 
aiound the aoita proximal the heart, and attaching the connector tubing to pump means 
adqited to pump a fluid into the counterpulsation means; 

(e) initiating counterpulsation in tiie extra-aortic count^ulsation means; 

(f) bypassing a target coronary artery using a conduit harvested in step (c); 

(g) repeating step (£) for each additional target coronaty arterj^ and 

(h) conipleting the operation as iqtpropriate. 

The method preferably also includes, afler step (g), the step of removing the extra- 
aortic counterpulsation meaiis from attachmeot to the aorta. 

In pre:^xed embodiments of the invention, the extra-aortic counterpulsation means 
includes an aortic conq)ression means adapted, v^en actuated, to compress an aorta of a 
patient; a fluid reservoir; and a fluid pressure generating means adapted to pump fluid 
firom the fluid reservoir to the aortic compression means so as to actuate the aortic 
compression means in counterpulsation with the patient's heart. Such a extra-aortic 
counterpulsation means would comply fairly closely with the heart assist device disclosed 
in the Applicant's Ihtemational PCX Patent Application No. PCT/AU 00/00654 
(Tntemational Publication No. WO 00/76288). 

In alternative embodiments, the extra-aortic counterpulsation means can be of any 
kind suitable for application during coronary artery bypass operations. Further examples 
of extra-aortic counterpulsation means potentially appropriate for use in accordance with 
the method disclosed herein mclude the external counterpulsation means described in US 
Patent No. 5554103, and the ventricular cardiac aid device witihi counter-pulsation 
disclosed in PCX Patent Application No. PCX/FR98/01631 (hitemational Publication No. 
WO 99/04833), and the external counteipulsadon apparatus disclosed in US Patent No. 
4753226, among others. 

Step (a) preferably includes, but is not limited to, administering a therapeutically 
efifedive amount of general anaesthesia to the patient; placing venoie arterial lines for 
fluid administration and pressure monitoring; preparing an area of skin on the patient's 
chest with aseptic solution; preparing an operative field witih sterile dr^es positioned 
over tixe patient's chest; and ins^ting a transeosoph^eal echocardiogr^hy probe. 

In preferred embodiments of step (b), thoracic access may be obtained by the 
performance of a partial sternotomy, a full sternotomy, a thoracotomy, port access or by 
any otiier appropriate method of gaining access to the patient's Ihorax. Once thoracic 
access has been obtamed, a further step of assessmg the patient's cardiac anatomy is 
preferably performed. 
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la further preferred embodiments of the inveotioa, the conduits for gracing 
harvested in accordance viiSa. step (c) are typically the left internal mammary artery, the 
radial artery and/or the saphenous vein. In alternative ^bodiments, any other vessel 
appropriate for creating the requisite bypass may be used, including any other vessel 
taken from the patient's body or a synthetic graft. 

In a preferred embodiment of the invention, the method ftoHier includes a jQrst 
conGrmation step comprising confirming the patient's suitability for the operation 
described herein including assessing the extent of any aortic disease and valve 
regurgitation. The first confirmation step is preferably performed prior to step (d). In 
cases where the first confirmation step suggests that the patient is not suitable for the 
operation described herein, the coronary artery bypass operation is performed in another 
way more suitable for the patient's condition. 

In fiirther preferred embodiments, -wbeia the extra-aortic counterpulsation means is 
wrapped around the aorta in accordance with step (d), it is wrapped around tiie ascending 
aorta. 

In yet still further preferred embodiments, once wrapped around the aorta in the 
desired location, the extra-aortic counterpulsation means is secured in position using a 
suture or sutures. In alternative embodiments, securement of the counterpulsation means 
to the aorta is not achieved using a suture or sutures, but it is achieved using any other 
form of securing means that may be suitable. 

Preferred embodunents additionally disclose that attaching the comiector tubing to 
the pump means ui accordance with step (d), fiirther preferably includes attaching the 
connector tubmg to a counterpulsation console, such as a Datascope 97 (Datascqpe Corp, 
Montvale, New Jersey, USA) or an Arrow ACAT (Arrow Intemational Inc, Reading, 
Pennsylvania, USA). In alternative embodunents, the counterpulsation console is not 
limited to being one of those just disclosed, and can be any appropriate console such as, 
for example, a Helium driven counterpulsation console. In any of the embodiments just 
described, the pump may, of course, be a part (either integral with, or as a component) of 
a such a counterpulsation console. 

Various baseline recordings that may be taken at any time throughout the operation 
preferably mdude, but are not limited to, systemic arterial pressure, left ventricular 
pressure and area loops, left main coronary artery flow and transcutaneous carotid 
dqppler. 

Preferred embodunents disclose that when counterpulsation is iniated in accordance 
with step (e), it is preferably set at a rate of 1 :2 with respect to the patient's heart rate. In 
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other embodiments, however, counterpulsation may be set a rate of 1 :1 with respect to the 
patient's heart rate, or at any other rate that is deemed to be qipropriate for the purposes 
of the operation. 

In yet still fiirther preferred embodiments of the invention, immediately following 
step (e), the method includes a second confinnatiQn step, said second confirmation step 
comprising confirming augmentation and timing settings. The second confirmation, step 
additionally includes, but is not limited to, optimizing those augmentation and timing 
settings once they have been confirmed. 

The second confirmation step may also be performed after each target coronary 
artery has been bypassed (after step (g), or after step (f) where there is only one target 
coronary artery). 

In preferred embodiments, step (f) may include: applying a stabilizing arm to 
expose an area of the heart; using a snare upstream to occlude the target coronary artery; 
and opening the target coronary artery and suturing the conduit harvested as described 
above to the artery to create a distal anastomosis. Furthermore, for the purposes of 
completing step (f) (or steps (f) and (g)) preferred embodiments disclose that free 
coronary grafts may be sutured, stapled or otherwise attached proximally to the aorta on 
one, or the other, or both, of either side of the extra-aortic counterpulsation means, or to 
the mid-ascending aorta once the extra-aortic counterpulsation means has been removed. 
In altemative embodiments, free grafts may be attached end-to-side to a pedicled graft or 
other systemic arterial conduit. 

Step (h) preferably mcludes, but is not Umited to, checking hemostasis and 
hemodynamic stabilitjr, inserting chest drains; and closing the patient's chest and 
operative wound. 

Brief Description of the Drawings 

Preferred embodiments of the invention will now be described, by way of exaniples 
only, with reference to the accompany drawings in which: 

Fig. 1 is a perspective view of the operative site during a coronary artery bypass 
operation being performed in accordance with the present invention; and 

Fig. 2 is a schematic perspective view of a extra-aortic countejpulsation means 
positioned on the ascending aorta of the patient as disclosed by a preferred embodiment 
of the present invention; 
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Detailed Description of tlie Preferred Embodiments 

In a preferred embodiment, the method of tbe present invention of performing a 
coronary artery bypass operation on a patient's beating heart 12 conprises performing the 
following steps: 

(a) preparing the patient for the operation. This step includes, but is not limited 
to, admioistering a therapeutically e£fective amount of general anaesthesia to the patient; 
placing of venous and arterial lines for fluid administration and pressure monitoring; 
preparing an area of skin on the patient's chest vvith aseptic solution; and preparing an 
operative jfield with sterile dr^s positioned over the patient's chest; 

(b) obtaining thoracic access. This is preferably performed by sternotomy. The 
patient's cardiac anatomy is than assessed. 

(c) harvesting at least one appropriate conduit for grafting. Obviously, where 
there are a purality of target vessels, it may be necessary to harvest a number of conduits. 
. Typical conduits appropriate for such grafting include the left internal mamm a r y artery, 
the radial artery and/or the saphenous vein. 

At this stage, or earlier, it is appropriate to perform a iirst confirmation step which 
comprises confirming the patient's suitability for the operation described herein including 
assessing the extent of any aortic disease and valve regurgitation. As discussed above, in 
cases where the first confirmation step suggests that the patient is not suitable for the 
operation described herein, the coronary artery bypass operation is performed in another 
way - peiiiaps in a more conventional way - which is more suitable for the patient's 
condition. 

(d) wrapping an extra-aortic counterpulsation means 10 with a connector tubing 
around the aorta 11 proximal the heart 12, and attaching the connector tubing to an lABP 
such as that made by Datascope or Arrow Memational. The preferred position for the 
extra-aortic counterpulsation means 10 is around the ascending aorta 11. Further, once 
wrapped around the aorta 11 in the desired location, the extra-aortic counterpulsation 
means 10 is secured in position using a suture or sutures. 

Preferred embodiments of the inventiaQ additionally disclose that the extra-aortic 
counterpulsation means 10 includes an aortic conqiression means adapted, when actuated, 
to conq>ress the aorta 11 of tiie patient; a fluid reservoir; and a fluid pressure generating 
mean adapted to pump fluid from the fluid reservoir to the aortic compression means so 
as to actuate the aortic means in counterpulsation with the patient's heart 12. Such a 
extra-aortic counterpulsadon means 10 complies £tirly closely with the heart assist device 
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disclosed in the app\icaxA Intemational PCT Patent Application No. PCT/AU 00/00654 
Cbitemational Publication No. WO 00/76288). 

(e) initiating countBrpuIsation in the extra-aortic counterpulsatioa means 10 at a 
rate of 1 :2 with respect to the patient's heart rate. 

In preferred embodiments of the invendon, immedifltely following step (e), the 
method includes a second confiimation step, said second confirmation step comprising 
canfixming augmentation and timing settings. The second CGnfinnation step additionally 
includes, but is not limited to, optinuzing those augmentation and timing settings once 
they have been confirmed. 

The second confirmation step may also be perfonned after each target coronaiy 
artery has been bypassed (after step (g), or after step (f) v/bere there is only one target 
coronaiy artery). 

(f) bypassing a target coronary artery using a conduit harvested in step (c). This 
step may include: applymg a stabilizmg arm 13 to expose an area of the heart 12; using a 
snare upstream to occlude the target coronary artery; and opening the target coronary 
artery and suturing the conduit harvested as described above to the artery to create a distal 
anastomosis. Furthermore, for the purposes of completing step (f) (or steps (f) and (g)) 
preferred embodiments disclose that firee coronary grafts may be sutured, stapled or 
otherwise attached proximally to the aorta on one, or the other, or both, of either side of 
the extra-aortic coimterpulsation means, or to the mid-ascending aorta once the extra- 
aortic counterpulsation means has been removed. 

If, of course, there are multiple target coronary arteries, steps (f) should be repeated 
as described by step (g) for each additional target coronary artery. 

(h) removing the extra-aortic counterpulsation means 10 fiom attachment to die 
aorta 11; and 

(i) completing the operation as appropriate. This st^ preferably includes, but is not 
limited to, checkiig hemostasia and hemodynamic stabilitjr, inserting chest drains; and 
closing the patient's chest and operative wound. 

The patiait is then returned to intensive care for post-operative monitoring. 

Pilot riin ical Study - Phvsiologic and observed effects on cardiovascular function 



Three male patients, with normal left ventricular fimction and ascending aortae, all 
with double or triple vessel coronary artery disease and suitable for OPCAB. 
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Pre-svstolic unloading 

Li the pHot clinical study using Ihe EAB-e to assess the efiBcacy of the current 
human cuff design, transosphageal echocaidiography was used to measure the cross- 
sectional area of the left ventricle (mid-papillary line) at end systole and end diastole at 
baseline heart function and with the cuff counterpulsating at 1:1. Three separate data 
points were collected for each combination in each patient. Both end-diastolic and end 
systolic left ventricular sizes were seen to be consistently reduced by factors of 14% and 
19%, respectively, with end-systolic size reducing proportionately more, indicating a 9% 
improvement in j&actional area change also during 1:1 counterpulsation. The 
counterpulsatian period was {qypnndmiately 20 minute in each case. 

The reduced LV diameter decreases the wall tension and reduces the level of 
myocardial oxygen consumption and the amount of woric die heart must do. The reduced 
diameter allows cardiac myofibrils to make more forceful contractions, reflected hi part in 
the improvement hi fiactional area change. 



Furthermore, in the three pilot clinical studies, the counterpulsation effect has also 
been clearly demonstrated by measorement using transesophageal echocardiographic 
Doppler to determme left main coronary artery flow. Peak and mean velocity time 
integrals were measured at base line, and during 1:2 and 1:1 EAB-e counterpulsation. 
Hiree separate data pomts were collected at each setting in each of the patients. There 
was a consistent increase in both peak and mean coronary artery blood flow in diastole of 
the order of 30-50 %. This effect is not only seen against baselme measurements, but also 
seen m assisted versus unassisted beats (1:2 counterpulsation), fijrther verifying the 
findmgs. 

The effect of lAB counterpulsation on diastolic coronary artery blood flow is well 
documented in the clmical literature - flow unproves ftom 20-120% by different methods 
of measurement, and typically in patients with low cardiac output in vvbom an lAB has 
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been placed fiar siq)port. (Katz ES, Tunick PA, Kronzon I. Observations of Coronary 
Flow Augmentation and Balloon Function during intraaortic baUoon counterpulsation 
using transesophageal echocardiography. Am J Cardiol 1992;69:1635-1639. Hutchison 
SJ, Thacker KB, Chandiaratna PA. Effects of Intraaortic balloon counterpulsation on flow 
velocity in stenotic left main coronaiy arteries fram transesophageal echocardiography. 
Am J Cardiol 1994;74:1063-1065). 

It is important to note that the response of ventricular size and coronary flow to 
counterpulsation are dependant on the degree of heart Mure - the worse tiie failure the 
greater the effect. (Richert CL, Koolen JJ, Vissw CA. Transesophageal echocardiographic 
evaluation of left ventricular function during mtraaortic balloon pump counterpulsation. J 
Am Echocardiography 1993;6:490-5. Katz ES, Tunick PA, Kronzon I. Observations of 
Conmary Flow Augmentation and Balloon Function during intraaortic baUoon 
counterpulsation using transesophageal echocardiography. Am J Cardiol 1992;69:1635- 
1639. Hutchison SJ, Thacker KB, Obandraratna PA. Effects of Intraaortic balloon 
counterpulsation on flow velocity in stenotic left main coronary arteries fiom 
transesophageal echocardiography. Am J Cardiol 1994;74:1063-1065). 

Safety re: embolism 

In the clinical EAB-e in OPCAB pilot, as part of the safety assessment, particles in 
the carotid artery were counted using a Transcarotid Doppler Ultrasound. In the first three 
patients, there have been a total of 9, 12, and 0 counts seen during counterpulsation, and 
no patient has suffered any complication such as stroke. Emboli counts in OPCAB 
procedures are well documented to be of the order of 0-500, and in procedures using the 
heart-lung machine 500-2000. 

In the acute preclinical EAB-e studies, ascending aortae firan 8 p^ were examined 
by an indepecodent pathologist botti grossly and histologically. There was no evidence of 
structural damage to the wall or lining of the ascending aorta. 
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It will be appreciated by persons skilled in the art that numerous variations and/or 
modificatioiis can be made to the invention as shown in the specific embodiments williout 
departing &om the spirit or scope of invention as broadly described. For exan^le, the 
embodiments of the invraition are not restricted for use with the embodiments of the heart 
5 assist device shown in PCT Patent Application No. PCT/AU/00/00654 (Ihtematiaaal 
Publication No. WO 00/76288). The specific embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive. 
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Claims: 

1 . A mettiod for the conduct of a beating heart coronary artery bypass operation 
an a patient, the method including application of extra-aortic counterpulsation to the aorta 
of the patient for at least a part of the duration of the operation. 

2. A method of performing a coronary artery bypass operation on a patient's 
beating heart, said method comprising the steps of: 

(a) preparing the patient for Has operation; 

(b) obtaining thoracic access; 

(c) harvesting at least one appropriate conduit for grafting; 

(d) wrapping an extra-aortic counterpulsation means with a connector tubing 
around the aorta proximal the heart, and attaching the connector tubing to 
pump means adapted to pump a fluid into the counterpulsation means; 

(e) initiating counterpulsation in the extra-aortic counterpulsation means; 

(f) bypassing a target coronary artery usmg a conduit harvested in step (c); 

(g) repeating step (f) for each additional target coronary artery; and 

(h) completing the operation as impropriate. 

3. A method as claimed m claim 2, including, after step (g), the step of removing 
the extra-aortic covmterpulsation means &om attachment to the aorta. 

4. The method as claimed m claim 2 or 3, wherein the extra-aortic 
counterpulsation means includes an aortic compression means ad^^ited, v^en actuated, to 
compress an aorta of a patient; a fluid reservoir; and a fluid pressure generating means 
adapted to pomp fluid from the fluid reservok to the aortic compression means so as to 
actuate the aortic compression means in counterpulsation witii the patient's heart. 

5. The method as claimed hi claim 2 or 3, ^ndierein the extra-aortic 
counterpulsation means is an external counterpulsation means or apparatus or a 
ventricular cardiac aid device with counter^pulsation. 

6. The method as claimed in claim 3, 4 or 5, wherein step (a) includes 
admmistering a therapeutically effective amount of general anaestiiesia to the patient; 
placing venous arterial Unes for fluid admmistrotion and pressure monitormg; preparing 
an area of skin on the patient's chest with aseptic solution; preparing an operative field 
with sterile drapes positioned over the patient's chest; and mserting a transeosophageal 
echocardiography probe. 
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7. The method as claimed in any one of claims 2 to 6, wherein step (b), thoracic 
access is obtained by the perfoimance of a partial sternotomy, a fiill sternotomy, a 
thoracotomy or port access. 

8. The method as claimed in claim 7, \^ierein, once thoracic access has been 
5 obtained, a further step of assessing the patient's cardiac anatomy is performed. 

9. The method as claimed in any one of cliaims 2 to 8, wherein the conduits for 
grafting harvested in accordance with step (c) are the left internal mammary artery, the 
radial artery and/or the sq>henoiis vein. 

10. The method as claimed in any one of claims 2 to 9, y^erem the method 
10 further includes a iSrst confirmation step comprising con&ming tiie patient's suitability 

for the operation described herein including assessing the extent of any aortic disease and 
valve regurgitation. 

11. The metitiod as claimed in claim 10, wherein the first confirmation step is 
performed prior to step (d). 

IS 12. The method as claimed in any one of claims 2 to 11, wherein, when the extra- 

aortic counterpulsation means is wrapped around the aorta in accordance with step (d), it 
is wrapped around the ascending aorta. 

13. The method as claimed in any one of claims 2 to 12, wherein, once wrapped 
around the aorta in the desired location, the extra-aortic counterpulsation means is secured 

20 in position using a suture or sutures. 

14. The method as claimed in any one of claims 2 to 13, wherein, attaching the 
connector tubing to the pump means in accordance wilh step (d), fiirther includes 
flftanbing the connector tubing to a counterpulsation console. 

15. The method as claimed in any one of claims 2 to 14, wherein various baseline 
25 recordings are taken at any time throughout the operation. 

16. The method as claimed in claim IS, wherein the baseline recordings include 
one or more of systemic arterial pressure, left ventricular pressure and area loops, left 
main coronary artery flow and transcutaneous carotid dqppler. 

17. The method as claimed in any one of claims 2 to 16, viierein, when 
30 counterpulsation is initiated in accordance with step (e), it is set at a rate of 1:2 wiHi 

respect to the patient's heart rate. 

18. The method as claimed in any one of clauns 10 to 17, wherein immediately 
following step (e), the method includes a second confirmation step conqndsing coofirming 
augmentation and timing settings. 
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19. The method as claimed in claim 18, wherein the second conStmation step 
additionally includes optimizing those augmentation and timing settings once they have 
been confirmed. 

20. The method as claimed in claim IS or 19, wherein the second confiimation 
5 step is also performed after step (g), vAiete each target coronary arfsery has been bipassed, 

or after step (f) where there is only one target coronary artery. 

21. The method as claimed in any one of claims 2 to 20, "niierein, step (f) 
includes: applying a stalnlizmg aim to expose an area of the heart; usii^ a snaie iqpstream 
to occlude Has target coronary artery; and opeaing tiie target coronaxy art^ and suturing 

10 the conduit harvested as described above to the artery to create a distal anastomosis. 

22. The method as claimed in claim 21, vHast&n for the purposes of completing 
step (f) (or steps (f) and (g)), free coronary grafts are sutured, stapled or otherwise 
attached proximally to the aorta cm one, or the other, or both, of either side of the extra- 
aqrtic counterpulsatian means, or to the mid-ascending aorta once the extra-aortic 

IS counterpulsation means has been removed. 

23. The method as claimed in claim 22, v^erein fiee grafts are attached end-to- 
side to a pedided graft oi other systranic arterial conduit 

24. The method as clauned in any one of claims 2 to 23, wherein step (h) includes 
one or more of checking hemostasis and hemodynamic stability; inserting chest drains; 

20 and closing the patient's chest and operative wound. 
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